Reproductive biology and diet of Liophis poecilogyrus poecilogyrus (Serpentes, Colubridae) from southeastern Brazil. We describe the reproductive pattern and the diet of Liophis poecilogyrus poecilogyrus based on examination of museum specimens. The snake has an aseasonal reproductive pattern, suggesting multiple clutches during a year. Females are larger than males when sexual maturity is reached. Clutch size ranges from six to 15 eggs. The diet of Liophis poecilogyrus poecilogyrus is composed of anurans, and there are no a foraging decrease during the clutching season.
Introduction
The colubrid snake Liophis poecilogyrus (Wied-Neuwied, 1825) (Xenodontinae, Xenodontini) is broadly distributed over South America. Four subspecies are currently recognized, being the nominal restricted to the Atlantic Forest (Dixon and Markezich 1992) of Southeastern Brazil, where is rather common. Few studies concern the biology of Liophis poecilogyrus. Vitt (1983) compared reproduction and diet of L. poecilogyrus with other species of the same tribe, mostly in the genus Liophis. Maciel (2001) described the reproductive biology and diet of a population of L. poecilogyrus from the Brazilian state of Rio Grande do Sul. Taxonomy of L. poecilogyrus, as currently recognized, is problematic (Daniel S. Fernandes pers. com.), but L. p. poecilogyrus is thought to be the most differentiated subspecies (Dixon and Markezich 1992) . Despite being a snake well represented in scientific collections, there are no detailed data available about its reproductive biology and diet. The objective of this study was to evaluate several aspects of the biology of L. p. poecilogyrus, such as reproductive cycle pattern, size at sexual maturity, sexual dimorphism, female reproductive investment, and diet, based on preserved specimens in scientific collections.
Material and Methods
We examined 142 specimens (Appendix I) of Liophis poecilogyrus poecilogyrus deposited in the herpetological collections of the Museu Nacional, Universidade Federal do Rio de Janeiro, Rio de Janeiro (MNRJ) and the Instituto Butantan, São Paulo (IB), of which 75 were females and 67 were males. These specimens were collected between 1913 and 2001. For each specimen, we made an incision in the abdomen and, when possible, we recorded: 1) diameter of the largest follicle or egg in the oviduct -measured with a dial caliper (mm); 2) number of eggs; 3) degree of maturity in males; 4) snout-vent length (SVL) and tail length (TL) -measured with a flexible ruler (mm), and 5) presence of prey items in the stomach, noting, when possible, the direction of ingestion of the items. We considered as mature males with highly convoluted epididymides indicating the presence of sperm (Shine 1982) and as adult females those with follicles with a diameter larger than 3 mm (approximately half of the diameter of the smallest egg). Prey items were identified to the species level when possible and were analyzed by occurrence number (number of items per stomach) and recurrence (number of snakes that ingested each item).
ANOVAs and linear regression analyses were performed with the software Statistica for Windows version 5.1 (Statsoft 1997) . The significance index was established as 0.05. Levene and Kolmogorov-Smirnov's tests were used to test the analysis of variance assumptions of homoscedasticity and normality, respectively.
Results
We found females with vitellogenic follicles in secondary development during the entire year ( Figure 1 ). Clutch size of 16 females varied from 6 to 15 (x=8.25, SD=2.3). December was the month in which we found the highest proportion of females with eggs (4 individuals, representing 44.4% of the mature females of that month).
We did not find a significant correlation neither between female SVL and number of eggs or between the diameter of the eggs and the female SVL. We found females with eggs in the oviduct and fully developed follicles, indicating multiple clutches in the same year.
Total length of mature males (SVL+TL) ranged from 447 to 864 mm (x=675.8, SD=98, N=48). Total length of mature females ranged from 604 to 1121 mm (x=840.7, SD=110, N= 35). Females were larger in total length than males (F 1,78 =53.7, p=0.000001).
We found stomach items in 10 (7.04%) of the analysed specimens (including one pregnant female), with a total of 15 items. Stomach contents consisted exclusively of anurans, mainly from the families Bufonidae and Hylidae, and we were able to determine the direction of ingestion in five prey items (Table  1 ).
Discussion
Sexual size dimorphism found in Liophis poecilogyrus poecilogyrus is a common feature along colubrids (Shine 1978 (Shine , 1994 . Usually, the larger body length of females increases fitness as larger specimens can have a higher fecundity (Shine 1994) . However, we did not find a significant correlation between female size and number or size of eggs of Liophis p. poecilogyrus. We believe that the small number of females with eggs (16) may have precluded the finding of a more subtle relationship between the variables. The presence of well developed vitelogenic follicles in Liophis p. poecilogyrus during the entire year suggests a continuous reproductive pattern, as found in other species of the tribe Xenodontini (Jordão 1996 , Marques 1996 . According to some authors (Vitt and Vangilder 1983, Seigel and Ford 1987) , the type of diet and thus its seasonal availability may influence timing of reproductive cycles. Liophis p. poecilogyrus feeds primarily on anurans from the families Bufonidae and Hylidae, amphibians that are common over the distribution range of this snake (Heyer et al. 1990 ). Vitt (1983) found a reduction in the number of females with follicles between the months of February and June among a sample of Liophis poecilogyrus schotti from the Caatinga. We could not find any decline in the number of females with follicles of L. p. poecilogyrus in June and July. As those months are characterized by the lowest annual temperature average in Southeastern Brazil (Nimer 1979) , we would expect a reduction of the metabolism (Lillywhite 1987) and therefore a reduction of the allocation of energy to reproduction. Maciel (2001) found a seasonal reproductive pattern to the populations of L. p. sublineatus in Rio Grande do Sul. It is possible that the steep climatic variation of that state is responsible for the seasonal reproductive strategy discovered by Maciel (2001) . Apparently, environmental factors are strong determinants of the reproductive cycle patterns in this species.
The continuous reproductive pattern of L. p. poecilogyrus and the fact that at least some females possess both eggs and well developed follicles suggest the existence of multiple Table 1 -Prey items found in stomach contents of Liophis poecilogyrus poecilogyrus. N1, occurrence number of each item; P1, percentage for the occurrence number of each item; N2, number of snakes that contained each item (the total number was inferior to number of items because some specimens presented more than one prey in their stomach); P2, percentage for the number of snakes that contained each item; P3, percentage for the occurrence number for each family.
clutches. Such phenomenon was also suggested by Maciel (2001) for populations of Liophis p. sublineatus in Rio Grande do Sul, although it was not found by Vitt (1983) , while studying L. p. schotti in the Caatinga. Such results suggest that the species may use different reproductive tactics in different environments. On the other hand, multiple clutches appear to be a common feature in many Xenodontini (Jordão 1996 , Marques 1996 , Pizzatto 2003 . The size of the smallest female with vitelogenic follicles was greater than the size of the smallest adult male. Frequently, this result is interpreted as an indication that the sexual maturity occurs later in females (Shine 1978 , Vitt 1983 . Later maturity in females may represent a tradeoff in which sexual maturity is delayed so that larger clutches of larger eggs can be produced. Females invest in a larger size, as size confers fecundity. Furthermore, females tend to spare energy as reproduction is much more costly to them in relation to the males (Shine 1994) . However, Maciel (2001) found a higher growth rate among the females of L. p. sublineatus in Rio Grande do Sul. If Maciel´s (2001) finding is also valid to the snake studied herein, we could not affirm that the females mature after the males, but only that maturity is achieved with a larger size in this gender.
We found a high number of hylids (Table 1 ) in the stomachs of L. p. poecilogyrus, which is in agreement with previous studies of this species (Vitt 1983 , Michaud and Dixon 1989 , Maciel 2001 , Jorge da Silva et al. 2003 . Although species of the family Hylidae are frequently mentioned as arboreal, individuals of this family can use several layers of the vegetation (Cardoso et al. 1989 , Pombal 1997 , Abrunhosa 2001 , Bertoluci and Rodrigues 2002 , Prado 2002 . Thus, it is likely that L. p. poecilogyrus may capture hylids in certain occasions, such as during vocalization and egg deposition, when some species are close to the ground or in water, locations where this snake is usually captured (pers. obs.).
We found that, in 60% of the cases, L. p.
poecilogyrus swallowed prey in the posterioranterior direction, unlike the results by Maciel (2001) , where in 80% of the cases the prey were ingested in the anterior-posterior direction. A possible explanation to this difference is that the southern population feeds predominantly on leptodactylids. Frogs of this family do not possess paratoid glands, as do toads of the family Bufonidae, which, in all examined specimens, are always ingested in the posterior-anterior direction by L. p. poecilogyrus. We speculate that L. p. poecilogyrus may avoid the early ingestion of the prey paratoid glands, allowing that they be squeezed in the initial stages of the intake and releasing a parcel of the toxin outside the snake's mouth. A pregnant female was found with prey items in the stomach. A similar result was found in a population of Liophis poecilogyrus in Southern Brazil (Maciel 2001 ), suggesting that females of L. p. poecilogyrus do not reduce or stop feeding during the clutching period.
